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 Abstract 
 
The tips of axons are often far away from the cell soma where most proteins are synthesized. 
Recent work has revealed that axonal mRNA transport and localised translation are key 
regulatory mechanisms that allow these distant outposts of the cell to respond rapidly to 
extrinsic factors and maintain axonal homeostasis. Here, we review recent evidence pointing 
to an increasingly broad role for local protein synthesis in controlling axon shape, 
synaptogenesis and axon survival by regulating diverse cellular processes such as vesicle 
trafficking, cytoskeletal remodelling and mitochondrial integrity. We further highlight current 
research on the regulatory mechanisms that coordinate the localization and translation of 
functionally linked mRNAs in axons.   
  
 
Introduction 
 
RNA localisation and localised translation are highly conserved mechanisms that confer 
spatial and temporal control of protein expression. This might be especially important for 
highly polarized and morphologically complex cells such as neurons [1]* in which local 
translation enables axons and dendrites, remote subcellular compartments, to remodel their 
proteome precisely in response to local demand.  
 
The core components of the translation machinery are present in developing and mature 
axons, and axonal protein synthesis is involved in an increasing amount of physiological and 
disease-related processes [2-4]. With the combined progress made in the techniques of 
axonal isolation and next-generation sequencing (RNA-seq), thousands of mRNAs have now 
been detected in axons [5-7]. The identity of these mRNAs varies between neuronal 
subtypes [7], axonal subdomains [8] and throughout the axonal lifetime [8,9]. Recently, a cell-
type specific genome-wide analysis of the axonal translatome further revealed the dynamic 
nature of local translation during the establishment and maintenance of neural wiring in vivo, 
and identified subsets of axonally translated mRNAs encoding functionally linked proteins 
that match the temporal needs of the axon [10]*. Here we review recent advances in the role 
of local translation as a regulator of axonal shape and maintenance and discuss the 
mechanisms by which coordinated spatiotemporal translational control of specific subsets of 
mRNAs in axons can be achieved. 
 
 Function of axonal protein synthesis 
Steering: 
The outgrowth and navigation of axons to the correct target area is mediated by 
surrounding extracellular guidance cues that are sensed by the highly motile, leading tip of 
the axon, the growth cone. Isolated axons separated from their cell bodies continue to grow 
properly when protein synthesis is acutely inhibited [11], but the cue-induced elongation or 
collapse response of an axon to several guidance cues is sensitive to local inhibition of 
translation [12]. Attractive cues such as netrin-1 and nerve growth factor (NGF) stimulate 
axonal protein synthesis of constituents of the cytoskeleton [13-15], whereas repulsive 
guidance cues like Sema3A and Slit2 induce local synthesis of proteins that promote the 
disassembly of the cytoskeleton [16,17]. Additionally, the asymmetrical synthesis of these 
proteins in growth cones exposed to a polarised cue gradient causes the local extension or 
withdrawal of filopodia and lamellipodia leading to steering towards or away from these in 
vitro gradients [13,14] (Figure 1a). Since these initial findings, various proteins have been 
shown to be locally synthesized during axon growth in vitro and in vivo, encoding cytoskeletal 
regulators, cell-adhesion molecules, guidance receptors and components of signaling 
pathways [2,10].  
 
Evidence demonstrating a requirement for these locally synthesized proteins for 
guidance in vivo is sparse due to the technical challenges associated with blocking protein 
synthesis exclusively in the axonal compartment. Studies in the mammalian spinal cord 
provide evidence that specific receptors (e.g. EphA2, Robo3.2) are synthesised in growing 
axons at the midline suggesting an underlying role for local translation in the switches of 
commissural growth cone responsiveness along the pathway [18,19]. In vivo inhibition of an 
axonally synthesised cell adhesion molecule (NFPC) [20] or an mRNA translation regulator 
(microRNA) [21] causes subtle defects in pathfinding and target entry in small subsets of 
retinal axons. This may indicate a differential reliance among retinal axonal subpopulations in 
vivo for de novo synthesised proteins. 
 
Branching:  
Once axons have navigated to their targets, they branch to form terminal arbors 
bearing synapses and establish correct connections with their post-synaptic partners [23]. 
Translation machinery, as well as mitochondria for energy provision, is present at branching 
points and cue-induced local protein synthesis is required for axon branching in vitro [24-26] 
(Figure 1b). Recent dynamic imaging studies in vivo in Xenopus retinal ganglion cell (RGC) 
axon terminals demonstrated that RNA granules dock at sites that predict branch emergence 
and where ‘hotspots’ of de novo β-actin synthesis accumulate [22]*. Moreover, local 
inhibition of β-actin translation in axon terminals diminished both the generation and 
stabilization of new branches leading to reduced axonal arborisation [22]*. These results 
demonstrate the importance of local protein synthesis for axon branching in vivo [22]* and 
suggest a wider role in plastic (signal-induced) cell shape remodelling. The molecular 
mechanisms underlying the coordinated docking of specific mRNAs, translation-associated 
machinery and organelles at precise axonal locations are not known and are an interesting 
area for future study. 
 
Synapse formation and function: 
Synaptogenesis also requires local protein synthesis in the pre-synaptic 
compartment, as highlighted by recent findings of Hengst and colleagues [27] (Figure 1c). In 
cultured embryonic hippocampal neurons, they show that rapid local synthesis of SNAP-25 
and β-catenin occurs at sites of synapse formation and these axonally synthesized proteins 
are required for the assembly of presynaptic sites. Furthermore, repressing presynaptic 
translation affects synaptic vesicle recycling and blocking axonal translation of SNAP-25 and 
β-catenin mRNAs impairs presynaptic vesicle release [27-29]. The relevance of these 
findings in the mature brain was also recently demonstrated by the finding that presynaptic 
local translation is needed for long-term plasticity of GABA release in established synapses 
[30]. Combined with the discovery that hundreds of mRNAs are translated in mature axons in 
vivo [10]*, these studies open exciting new areas of research on the role of axon translation 
in neurotransmission.  
 
Surviving:    
A well-established mechanism to promote neuronal survival is through neurotrophins 
that generate retrograde signals that travel from the axon to the nucleus, resulting in 
activation of anti-apoptotic transcriptional networks [31]. In vitro application of NGF triggers 
local synthesis of pro-survival transcription factors such as cAMP-responsive element (CRE)-
binding protein (CREB) and its activator myo-inositol monophosphatase 1 (Impa-1) for 
retrograde transport, and the inhibition of this local synthesis results in an increase in 
neuronal and axonal degeneration [32,33] (Figure 2a). Axonal synthesis of the dynein 
regulators Lis1 and p150Glued was recently reported in response to NGF [34]. Their local 
translation mediates the transport of signaling vesicles that are presumed to contribute to 
axon survival. Interestingly, local synthesis of Lis1 was also shown to be necessary to induce 
retrograde transport of a pro-apoptotic signal upon NGF-deprivation [34]. These findings 
suggest that the balance between neuronal death and survival can be achieved by precise 
control of local protein synthesis in the axon [6]. 
 
Local translation also mediates NGF-dependent regulation of axonal mitochondrial 
integrity and inhibition of its associated apoptotic signaling (Figure 2b). Target-derived cues 
trigger the local synthesis of LaminB2 in RGC axons, where the protein localizes to 
mitochondria and regulates mitochondrial integrity and axon maintenance in vivo [35]. In 
dorsal root ganglion axons, axonally-applied NGF stimulates the recruitment and translation 
of Bcl-w mRNA, which then interacts with Bax to promote axon survival by inhibiting the 
caspase-dependent apoptotic pathway [36]. Axonally synthesized Bcl-w also interacts with, 
and blocks, the ER-associated IP3-receptor, preventing intracellular calcium dysregulation 
which could otherwise lead to the activation of calpain proteases and subsequent axon 
degeneration [37]. Interestingly, mRNAs encoding proteins involved in axon degeneration, 
such as caspases and SARM1, are translated particularly highly in vivo during the axon 
pruning phase of development [10]*. The functional relevance of this in the selective 
maintenance and removal of branches still needs to be determined.    
 
The constant import of cytosolic proteins into mitochondria is not only necessary to 
prevent apoptotic pathways but also to maintain its function in energy production and cellular 
metabolism [38]. Nuclear-encoded mitochondrial mRNAs have consistently been found 
enriched in axons in vitro regardless of the neuronal subtype and stage analysed [8,9,33,39] 
and they are translated in developing and mature axons in vivo [10]. Analysis of the axonal 
transcriptome of primary sympathetic neurons revealed more than 100 nuclear-encoded 
mitochondrial mRNAs, associated with a wide variety of mitochondrial functions [40]. Axonal 
synthesis of mitochondrial proteins such as ATP5G1 [41] or COXIV [42] was shown to be 
essential to maintain axonal mitochondrial membrane potential and to regulate ATP and 
Reactive Oxygen Species (ROS) production (Figure 2c). Thus, the local synthesis of 
mitochondrial-related proteins seems to be critical for axon viability in vitro and may be a 
major determinant of axon maintenance in vivo.   
 
Axonal mRNA localization 
 
The increasing diversity of functions attributed to axonally synthesized proteins at a 
precise developmental stage and in specific subdomains implies the existence of 
mechanisms to coordinate and control axonal translation according to local demand. This is 
partly due to the stage-specific changes in the axonal transcriptome. For instance, different 
mRNAs are present in young growing axons versus target-arrived axons, with expression of 
many presynaptic mRNAs present exclusively in the latter [8,39] (Figure 3a). In vivo, axonal 
translation is at its peak during the branching stage in mouse RGC axons [10]*, and this is 
accompanied by a dynamic change in the translatome between the axon elongation and 
axon branching/pruning stages [10,43].  
 
Transport, stability and translation of axonal mRNAs are primarily achieved through post-
transcriptional functions of RNA-binding proteins (RBPs). RBPs can bind to specific mRNAs 
through cis-elements in their untranslated regions (UTRs), repressing their translation and 
allowing their subsequent targeting to the axon. In cortical neurons, fragile-X mental 
retardation protein (FMRP) prevents telomere repeat-binding factor 2 (TRF2-S) from binding 
to its mRNAs, thereby influencing the transport of TRF2-S mRNAs into axons [44]. RBPs can 
also compete for the same mRNA, influencing their stability, as has been shown for HuD and 
KH-type splicing regulatory protein (KSRP) [45] (Figure 3b). Moreover, mRNAs themselves 
can compete for binding to RBPs for their axonal localization. Exogenous expression of 
3’UTR elements of GAP-43 and β-actin suggest that these mRNA’s compete for binding to 
ZBP1 [26], a competition mechanism also reported for endogenous nrn1 and GAP-43 
mRNAs for binding to HuD [46] (Figure 3c). Interestingly, a recent study has shown that 
axonal transcripts have significantly longer 3’UTRs [47]. It has therefore been proposed that 
regulation of the abundance and diversity of mRNA alternative splice isoforms can regulate 
the transport in the axonal compartment by introducing specific cis-regulatory elements in the 
mRNA [10]*. Various RBPs have also been found to fulfil independent or shared functions in 
growth/guidance, branching and synapse formation [7,48]. For example, the translation of 
adenomatous polyposis coli (APC) target mRNAs is highest during the stage of axon 
elongation in vivo and decreases afterwards, whereas the translation of target mRNAs for 
FMRP peaks later, at the axon branching stage [10]*, suggesting a prominent role for 
particular RBPs at specific stages to coordinate RNA localization and translation of 
functionally linked mRNAs.  
 
RBPs can also assemble and coordinate axonal transport of subsets of functionally 
linked mRNAs in specific ribonucleoprotein (RNP) complexes, or RNA regulons [49] (Figure 
3d). A good example of such regulation in axons comes from the identification of a RNA 
regulon orchestrated by the RBP SFPQ (splicing factor proline and glutamine rich) [50]*. The 
authors show that SFPQ binds and regulates axonal localization of the functionally linked 
creb1, impa-1, lmnb2 and Bcl-w mRNAs. SFPQ facilitates the co-assembly and co-trafficking 
of lmnb2 and Bcl-w mRNAs and regulates neurotrophin-dependent axon survival. 
Interestingly, SFPQ was found to colocalize with ribosomes in close proximity to 
mitochondria in axons. These results suggest that RBPs can precisely target mRNAs to 
favour direct coupling between local translation and use of the synthesized protein on-site. 
 
Together, dynamic expression of distinct mRNAs, splice variants, RBPs and the 
formation of RNA regulons permit exact temporal and spatial control of the axonal 
transcriptome. 
 
Local translational control 
 
Despite clear spatiotemporal regulation of RNA localization, hundreds of different 
mRNAs reside in the same subcellular locations, such as the growth cone. This begs the 
question of how specific subsets of mRNAs are translated in response to specific cues. Axon 
guidance cues and neurotrophins stimulate kinases, inducing the subsequent 
phosphorylation of specific RBPs and release of their associated mRNAs for local translation 
[48,51] (Figure 4a). The same extracellular signals increase axonal protein synthesis through 
mTORC1 (mammalian target of rapamycin complex 1) activation of cap-dependent 
translation. Although mTORC1 controls global protein synthesis, it also selectively promotes 
the translation of subsets of mRNAs, including eIF4E-sensitive and 5’ terminal 
olygopyrimidine (TOP) mRNAs [52,53]. The mRNA specificity of axonal translation might 
therefore require the spatial and temporal combination of signaling pathways. Indeed, it has 
been suggested that integration of multiple cues can result in the crosstalk of signaling by 
multiple pathways which could fine-tune local translation for specific developmental and 
physiological situations [54]. 
 
Regulation of local translation of specific mRNAs can also be achieved by axonal 
microRNAs (miRNA) (Figure 4b). Axons contain a vast diversity of miRNAs that differ 
between neuronal populations [55]. Since miRNAs are known to repress translation mainly 
by binding to 3’UTRs, the longer 3’UTRs found in axonal transcripts could allow for more 
stringent, or even axon-specific, regulation by miRNAs. Moreover, inhibition or activation of 
specific miRNAs by extracellular cues can lead to the selective stimulation or repression of 
subsets of mRNAs in axons. For example, miR-338 controls axonal synthesis of two 
functionally linked mRNAs for the nuclear-encoded mitochondrial proteins COXIV and 
ATP5G1 [42,56]. This process can modulate the global axonal proteome, but also respond to 
acute needs in restricted subdomains as was recently reported for miR-182 in response to 
Slit2 in RGC growth cones [21]. Specific precursors of miRNAs have also been detected in 
axons [57], but whether and how they are locally processed, as recently shown in dendrites 
[58], still needs to be determined. 
 Regulation of post-transcriptional modifications of mRNAs, of which n6-
methyladenosine (m6A) is the most prevalent one, has recently been suggested to participate 
in axonal translation [59]* (Figure 4c). Axonal GAP-43 mRNA is modified by m6A and is a 
substrate of the demethylase enzyme fat mass and obesity-associated protein (FTO). FTO 
itself can be axonally synthesized and depleting this enzyme in axons increases m6A 
modification of GAP-43 mRNA, thereby repressing its local translation [59]*. It would be 
interesting to investigate whether such processes can restrict the translation of subsets of 
mRNAs in response to extracellular cues. This work also opens the possibility for the 
involvement of other internal mRNA modifications, and the proteins involved in these 
modifications, in regulating axonal protein synthesis. 
 
Another attractive mechanism for spatiotemporal regulation of translation is the direct 
coupling and cue-induced dissociation of specific axon guidance receptors and ribosomes 
[60] (Figure 4d). Netrin-1 induces the dissociation and release of ribosomes from deleted in 
colorectal cancer (DCC), thereby increasing local translation [60]. Ribosomal protein-coding 
mRNAs are amongst the most abundant mRNAs present in axons [8,9,39] and translated in 
vivo [10], and it has been proposed that they can possibly repair damaged ribosomes or alter 
the composition of pre-existing ribosomes for specific translation [51]. Indeed, an intriguing 
possibility is that specific receptors can bind to ribosomes that are themselves tailored, 
through local proteomic remodelling, to preferentially translate specific subsets of mRNAs 
[61]*.  
  
Local translation is intimately linked with the cytoskeleton that may serve as a scaffold 
to organize the translational machinery [62], and acute disruption of local cytoskeletal 
dynamics affects cue-induced axonal translation [63]. These results lead to the idea that 
proteins involved in cytoskeletal dynamics can also regulate local translation by binding to 
specific subsets of mRNAs. Such a dual function was first proposed for APC, a plus-end 
microtubule binding protein, that was shown to act as a RBP regulating the axonal 
localization and translation of β2B-tubulin mRNA [64]. A more recent study has shown that 
the actin regulator Mena also binds to a specific set of mRNAs by associating with the RBPs 
hnRNPK and PCBP1 [65]*. Mena is required for both basal and BDNF-induced axonal 
translation of one of its target mRNAs. Moreover, Mena can bind to specific receptors 
opening the possibility for direct spatiotemporal restriction of its dual function after the arrival 
of an extracellular cue [66]. Even more intriguing is the finding that mRNAs binding to APC 
and Mena are enriched in functions related to APC and Mena, suggesting an 
interdependency and cross-talk between their direct role as regulators of cytoskeletal 
dynamics and their involvement in mediating local translation of mRNAs important for the 
same function (Figure 4e). It will be very interesting to see whether this is a more common 
self-regulatory mechanism occurring in proteins with other functions. 
 
Conclusions  
 
Remarkable advances have been made in the recent years in our understanding of 
the functional importance of axonal protein synthesis and the associated regulatory 
mechanisms. It is now clear that axonal translation plays a key role in axon survival and is 
increasingly moving centre-stage in studies of neurodegenerative disease and mitochondrial 
disorders [3,51]. It is also clear that localised translation underlies structural plasticity 
providing a precise mechanism to remodel the proteome locally in response to extrinsic cues, 
cell contacts or activity. However, many exciting open questions remain. With the advent of 
novel and more sensitive techniques to identify the mRNAs present and translated [67], and 
new methods to obtain cell-type specific proteomes in vivo [68], the complexity of the axonal 
translatome and the diversity in functions of locally synthesized proteins in developing and 
mature axons will likely become even more evident and better understood. Moreover, further 
investigation into the underlying molecular events allowing the selective control and 
coordination of axonal translation may enable the design of new strategies for therapies 
aimed at neurodevelopmental and neurodegenerative diseases.  
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Figure legends: 
Figure 1: Axonal protein synthesis in shaping the axon. 
 (a) Cue-induced asymmetrical translation of mRNAs coding for cytoskeletal proteins, or their 
modulators, mediates growth cone responses. (b) Localized protein synthesis of cytoskeletal 
proteins mediates the emergence and stabilization of new axon branches in response to 
extracellular cues. (c) Local mRNA recruitment and translation is necessary for 
synaptogenesis and synapse vesicle release. 	  
 
Figure 2: Axonal protein synthesis in maintaining the axon. 
(a) Target-derived cues induce local protein synthesis of transcription factors and their 
regulators, mediating axon-soma communication and axon survival. (b) Axonal protein 
synthesis is necessary to maintain mitochondrial integrity and inhibition of anti-apoptotic 
pathways. (c) Axon survival relies on maintaining proper mitochondrial physiology by local 
synthesis of mitochondrial-related proteins.  
 
Figure 3: Mechanisms regulating axonal mRNA localization. 
(a) The axonal transcriptome changes over time thereby providing the correct mRNAs 
needed at each time point. (b) FMRP can bind to and sequester the RBP TFR2-S, which 
prevents TFR2-S from transporting its mRNAs into the axon (1). RBPs can also compete for 
binding to the same mRNA thereby influencing mRNA stability (2). (c) Different mRNAs can 
also compete for binding to the same RBP allowing axonal transport for only one of the two 
different mRNA isoforms. (d) A RNA regulon can be formed by the RBP SFPQ, which 
ensures axonal localization of functionally-related mRNAs. 
 
Figure 4: Mechanisms of local translational control. 
(a) Upon cue stimulation RBPs can be phosphorylated, which releases mRNAs making them 
available for translation. (b) microRNAs can bind and suppress translation of axonal mRNAs. 
Upon cue stimulation microRNAs can be released from their mRNA, increasing their 
translation (1) or microRNA levels can be upregulated and suppress local translation of 
specific mRNAs (2). (c) Post-transcriptional mRNA modification occurs in axons and 
regulates translation of axonal mRNAs. (d) Translational machinery can be directly coupled 
to a guidance cue receptor and cue stimulation releases this translational machinery and 
increases translation. (e) Cytoskeletal proteins APC and Mena have a dual function as RBPs 
regulating the axonal translation of mRNAs related to their own function. 
 
Highlighted papers: 
Zapullo et al., 2017 Nature Communications ** of outstanding interest: 
This is the first study to perform a multi-omics approach to examine the contribution of 
protein transport, mRNA localization and local translation in neurons differentiated from 
mouse embryonic stem cells. The authors perform RNA-seq, Ribo-seq and mass 
spectrometry on neurites versus somas and find that local translation can account for almost 
half of the neurite-enriched proteome. Additionally, they determine translation rates by 
pSILAC proteomics and QuaNCAT. 
 
Shigeoka et al., 2016 Cell ** of outstanding interest: 
The authors utilize the Ribotag mouse to identify translating mRNA’s in the axons of mouse 
RGCs in vivo. They identify the change of the axonal translatome during several 
developmental stages and show that axonal translation persists in mature axons. 
 
Wong et al., 2017 Neuron * of special interest: 
Wong et al. examine dynamics of RNA granules in vivo in RGC axons and show that these 
granules dock at sites of branch emergence that correlate with hotspots of protein synthesis. 
Furthermore, they show that in vivo inhibition of β-actin axonal translation specifically 
disrupts axon branching dynamics. 
 
Villarin et al., 2016 Nature communication * of special interest: 
This study is the first demonstration of a role for local translation in the modulation of axonal 
trafficking in response to extracellular cues. The authors also suggest a dual role for axonal 
translation in regulating axon survival and death.   
 
Cosker et al. 2016 Nature Neuroscience * of special interest: 
By identification of a SFPQ-dependent RNA regulon essential for axon maintenance, this 
study demonstrates that axon survival relies on the coassembly and spatial distribution of 
functionally-linked mRNAs by RNA-binding proteins. 
 
Yu et al., 2017, Nucleic Acid Research * of special interest: 
This work provides the first example of a role for mRNA modification in the regulation of 
axonal translation. Using mouse DRG cultures the authors show that FTO, an eraser of m6A 
mRNA modifications, is present and locally translated in axons. siRNA knockdown of FTO in 
axons increases total m6A levels and represses axon elongation. Depleting axonal FTO 
increases m6A modification of GAP-43 mRNA, which causes decreased axonal translation of 
GAP-43. 
 
Shi et al., 2017 Molecular Cell * of special interest: 
By using state-of-the-art proteomic techniques in mouse embryonic stem cells, the authors 
show the existence of heterogeneous ribosomes with different ribosomal protein 
composition. Furthermore, they show these ‘specialized’ ribosomes preferentially translate 
specific subsets of mRNA’s. 
 
Vidaki et al., 2017 Neuron * of special interest: 
The authors uncover a novel role for the actin-binding protein Mena as a regulator of 
restricted translation in response to BDNF in axons. They show that Mena is a constituent of 
an axonal RNP complex containing specific RNA-binding proteins and a subset of mRNA’s 
linked to Mena’s function in cytoskeletal regulation, suggesting a cross-talk between actin 
polymerization and cue-dependent local protein synthesis in axons. 
 
 1.	  Zappulo	  A,	  van	  den	  Bruck	  D,	  Ciolli	  Mattioli	  C,	  Franke	  V,	  Imami	  K,	  McShane	  E,	  Moreno-­‐Estelles	  M,	  Calviello	  L,	  Filipchyk	  A,	  Peguero-­‐Sanchez	  E,	  et	  al.:	  RNA	  
localization	  is	  a	  key	  determinant	  of	  neurite-­‐enriched	  proteome.	  Nat	  Commun	  2017,	  8:583.	  2.	  Batista	  AF,	  Hengst	  U:	  Intra-­‐axonal	  protein	  synthesis	  in	  development	  and	  
beyond.	  Int	  J	  Dev	  Neurosci	  2016,	  55:140-­‐149.	  3.	  Costa	  CJ,	  Willis	  DE:	  To	  the	  end	  of	  the	  line:	  axonal	  mRNA	  transport	  and	  local	  
translation	  in	  health	  and	  neurodegenerative	  disease.	  Dev	  Neurobiol,	  78,	  2018,	  209-­‐220.	  4.	  Spaulding	  EL,	  Burgess	  RW:	  Accumulating	  Evidence	  for	  Axonal	  Translation	  in	  
Neuronal	  Homeostasis.	  Front	  Neurosci	  2017,	  11:312.	  5.	  Minis	  A,	  Dahary	  D,	  Manor	  O,	  Leshkowitz	  D,	  Pilpel	  Y,	  Yaron	  A:	  Subcellular	  
transcriptomics-­‐dissection	  of	  the	  mRNA	  composition	  in	  the	  axonal	  
compartment	  of	  sensory	  neurons.	  Dev	  Neurobiol	  2014,	  74:365-­‐381.	  6.	  Baleriola	  J,	  Walker	  CA,	  Jean	  YY,	  Crary	  JF,	  Troy	  CM,	  Nagy	  PL,	  Hengst	  U:	  Axonally	  
synthesized	  ATF4	  transmits	  a	  neurodegenerative	  signal	  across	  brain	  regions.	  
Cell	  2014,	  158:1159-­‐1172.	  7.	  Kar	  AN,	  Lee	  SJ,	  Twiss	  JL:	  Expanding	  axonal	  transcriptome	  brings	  new	  
functions	  for	  xonally	  synthesized	  proteins	  in	  health	  and	  disease.	  
Neuroscientist,	  24,	  2018,111-­‐129.	  8.	  Zivraj	  KH,	  Tung	  YC,	  Piper	  M,	  Gumy	  L,	  Fawcett	  JW,	  Yeo	  GS,	  Holt	  CE:	  Subcellular	  
profiling	  reveals	  distinct	  and	  developmentally	  regulated	  repertoire	  of	  
growth	  cone	  mRNAs.	  J	  Neurosci	  2010,	  30:15464-­‐15478.	  
9.	  Gumy	  LF,	  Yeo	  GS,	  Tung	  YC,	  Zivraj	  KH,	  Willis	  D,	  Coppola	  G,	  Lam	  BY,	  Twiss	  JL,	  Holt	  CE,	  Fawcett	  JW:	  Transcriptome	  analysis	  of	  embryonic	  and	  adult	  sensory	  axons	  
reveals	  changes	  in	  mRNA	  repertoire	  localization.	  RNA	  2011,	  17:85-­‐98.	  10.	  Shigeoka	  T,	  Jung	  H,	  Jung	  J,	  Turner-­‐Bridger	  B,	  Ohk	  J,	  Lin	  JQ,	  Amieux	  PS,	  Holt	  CE:	  
Dynamic	  axonal	  translation	  in	  developing	  and	  mature	  visual	  circuits.	  Cell	  2016,	  166:181-­‐192.	  11.	  Eng	  H,	  Lund	  K,	  Campenot	  RB:	  Synthesis	  of	  beta-­‐tubulin,	  actin,	  and	  other	  
proteins	  in	  axons	  of	  sympathetic	  neurons	  in	  compartmented	  cultures.	  J	  
Neurosci	  1999,	  19:1-­‐9.	  12.	  Campbell	  DS,	  Holt	  CE:	  Chemotropic	  responses	  of	  retinal	  growth	  cones	  
mediated	  by	  rapid	  local	  protein	  synthesis	  and	  degradation.	  Neuron	  2001,	  
32:1013-­‐1026.	  13.	  Leung	  KM,	  van	  Horck	  FP,	  Lin	  AC,	  Allison	  R,	  Standart	  N,	  Holt	  CE:	  Asymmetrical	  
beta-­‐actin	  mRNA	  translation	  in	  growth	  cones	  mediates	  attractive	  turning	  to	  
netrin-­‐1.	  Nat	  Neurosci	  2006,	  9:1247-­‐1256.	  14.	  Yao	  J,	  Sasaki	  Y,	  Wen	  Z,	  Bassell	  GJ,	  Zheng	  JQ:	  An	  essential	  role	  for	  beta-­‐actin	  
mRNA	  localization	  and	  translation	  in	  Ca2+-­‐dependent	  growth	  cone	  guidance.	  
Nat	  Neurosci	  2006,	  9:1265-­‐1273.	  15.	  Hengst	  U,	  Deglincerti	  A,	  Kim	  HJ,	  Jeon	  NL,	  Jaffrey	  SR:	  Axonal	  elongation	  
triggered	  by	  stimulus-­‐induced	  local	  translation	  of	  a	  polarity	  complex	  protein.	  
Nat	  Cell	  Biol	  2009,	  11:1024-­‐1030.	  16.	  Wu	  KY,	  Hengst	  U,	  Cox	  LJ,	  Macosko	  EZ,	  Jeromin	  A,	  Urquhart	  ER,	  Jaffrey	  SR:	  Local	  
translation	  of	  RhoA	  regulates	  growth	  cone	  collapse.	  Na	  Cell	  Biol	  2005,	  
436:1020-­‐1024.	  17.	  Piper	  M,	  Anderson	  R,	  Dwivedy	  A,	  Weinl	  C,	  van	  Horck	  F,	  Leung	  KM,	  Cogill	  E,	  Holt	  C:	  Signaling	  mechanisms	  underlying	  Slit2-­‐induced	  collapse	  of	  Xenopus	  
retinal	  growth	  cones.	  Neuron	  2006,	  49:215-­‐228.	  18.	  Brittis	  PA,	  Lu	  Q,	  Flanagan	  JG:	  Axonal	  protein	  synthesis	  provides	  a	  
mechanism	  for	  localized	  regulation	  at	  an	  intermediate	  target.	  Cell	  2002,	  
110:223-­‐235.	  19.	  Colak	  D,	  Ji	  S-­‐J,	  Porse	  BT,	  Jaffrey	  SR:	  Regulation	  of	  axon	  guidance	  by	  
compartmentalized	  nonsense-­‐mediated	  mRNA	  decay.	  Cell	  2013,	  153:1252-­‐1265.	  20.	  Leung	  LC,	  Urbancic	  V,	  Baudet	  ML,	  Dwivedy	  A,	  Bayley	  TG,	  Lee	  AC,	  Harris	  WA,	  Holt	  CE:	  Coupling	  of	  NF-­‐protocadherin	  signaling	  to	  axon	  guidance	  by	  cue-­‐
induced	  translation.	  Nat	  Neurosci	  2013,	  16:166-­‐173.	  21.	  Bellon	  A,	  Iyer	  A,	  Bridi	  S,	  Lee	  FCY,	  Ovando-­‐Vazquez	  C,	  Corradi	  E,	  Longhi	  S,	  Roccuzzo	  M,	  Strohbuecker	  S,	  Naik	  S,	  et	  al.:	  miR-­‐182	  Regulates	  Slit2-­‐Mediated	  
Axon	  Guidance	  by	  Modulating	  the	  Local	  Translation	  of	  a	  Specific	  mRNA.	  Cell	  
Rep	  2017,	  18:1171-­‐1186.	  22.	  Wong	  HH,	  Lin	  JQ,	  Strohl	  F,	  Roque	  CG,	  Cioni	  JM,	  Cagnetta	  R,	  Turner-­‐Bridger	  B,	  Laine	  RF,	  Harris	  WA,	  Kaminski	  CF,	  et	  al.:	  RNA	  Docking	  and	  Local	  Translation	  
Regulate	  Site-­‐Specific	  Axon	  Remodeling	  In	  Vivo.	  Neuron	  2017,	  95:852-­‐868	  e858.	  23.	  Kalil	  K,	  Dent	  EW:	  Branch	  management:	  mechanisms	  of	  axon	  branching	  in	  
the	  developing	  vertebrate	  CNS.	  Nat	  Rev	  Neurosci	  2014,	  15:7-­‐18.	  24.	  Spillane	  M,	  Ketschek	  A,	  Donnelly	  CJ,	  Pacheco	  A,	  Twiss	  JL,	  Gallo	  G:	  Nerve	  growth	  
factor-­‐induced	  formation	  of	  axonal	  filopodia	  and	  collateral	  branches	  
involves	  the	  intra-­‐axonal	  synthesis	  of	  regulators	  of	  the	  actin-­‐nucleating	  
Arp2/3	  complex.	  J	  Neurosci	  2012,	  32:17671-­‐17689.	  25.	  Spillane	  M,	  Ketschek	  A,	  Merianda	  TT,	  Twiss	  JL,	  Gallo	  G:	  Mitochondria	  
coordinate	  sites	  of	  axon	  branching	  through	  localized	  intra-­‐axonal	  protein	  
synthesis.	  Cell	  Rep	  2013,	  5:1564-­‐1575.	  26.	  Donnelly	  CJ,	  Park	  M,	  Spillane	  M,	  Yoo	  S,	  Pacheco	  A,	  Gomes	  C,	  Vuppalanchi	  D,	  McDonald	  M,	  Kim	  HH,	  Merianda	  TT,	  et	  al.:	  Axonally	  synthesized	  beta-­‐actin	  and	  
GAP-­‐43	  proteins	  support	  distinct	  modes	  of	  axonal	  growth.	  J	  Neurosci	  2013,	  
33:3311-­‐3322.	  27.	  Batista	  AFR,	  Martinez	  JC,	  Hengst	  U:	  Intra-­‐axonal	  Synthesis	  of	  SNAP25	  Is	  
Required	  for	  the	  Formation	  of	  Presynaptic	  Terminals.	  Cell	  Rep	  2017,	  20:3085-­‐3098.	  28.	  Taylor	  AM,	  Wu	  J,	  Tai	  HC,	  Schuman	  EM:	  Axonal	  translation	  of	  beta-­‐catenin	  
regulates	  synaptic	  vesicle	  dynamics.	  J	  Neurosci	  2013,	  33:5584-­‐5589.	  29.	  Hsiao	  K,	  Bozdagi	  O,	  Benson	  DL:	  Axonal	  cap-­‐dependent	  translation	  regulates	  
presynaptic	  p35.	  Dev	  Neurobiol	  2014,	  74:351-­‐364.	  30.	  Younts	  TJ,	  Monday	  HR,	  Dudok	  B,	  Klein	  ME,	  Jordan	  BA,	  Katona	  I,	  Castillo	  PE:	  
Presynaptic	  Protein	  Synthesis	  Is	  Required	  for	  Long-­‐Term	  Plasticity	  of	  GABA	  
Release.	  Neuron	  2016,	  92:479-­‐492.	  31.	  Harrington	  AW,	  Ginty	  DD:	  Long-­‐distance	  retrograde	  neurotrophic	  factor	  
signalling	  in	  neurons.	  Nat	  Rev	  Neurosci	  2013,	  14:177-­‐187.	  32.	  Cox	  LJ,	  Hengst	  U,	  Gurskaya	  NG,	  Lukyanov	  KA,	  Jaffrey	  SR:	  Intra-­‐axonal	  
translation	  and	  retrograde	  trafficking	  of	  CREB	  promotes	  neuronal	  survival.	  
Nat	  Cell	  Biol	  2008,	  10:149-­‐159.	  33.	  Andreassi	  C,	  Zimmermann	  C,	  Mitter	  R,	  Fusco	  S,	  De	  Vita	  S,	  Saiardi	  A,	  Riccio	  A:	  An	  
NGF-­‐responsive	  element	  targets	  myo-­‐inositol	  monophosphatase-­‐1	  mRNA	  to	  
sympathetic	  neuron	  axons.	  Nat	  Neurosci	  2010,	  13:291-­‐301.	  
34.	  Villarin	  JM,	  McCurdy	  EP,	  Martinez	  JC,	  Hengst	  U:	  Local	  synthesis	  of	  dynein	  
cofactors	  matches	  retrograde	  transport	  to	  acutely	  changing	  demands.	  Nat	  
Commun	  2016,	  7:13865.	  35.	  Yoon	  BC,	  Jung	  H,	  Dwivedy	  A,	  O'Hare	  CM,	  Zivraj	  KH,	  Holt	  CE:	  Local	  translation	  
of	  extranuclear	  lamin	  B	  promotes	  axon	  maintenance.	  Cell	  2012,	  148:752-­‐764.	  36.	  Cosker	  KE,	  Pazyra-­‐Murphy	  MF,	  Fenstermacher	  SJ,	  Segal	  RA:	  Target-­‐derived	  
neurotrophins	  coordinate	  transcription	  and	  transport	  of	  bclw	  to	  prevent	  
axonal	  degeneration.	  J	  Neurosci	  2013,	  33:5195-­‐5207.	  37.	  Pease-­‐Raissi	  SE,	  Pazyra-­‐Murphy	  MF,	  Li	  Y,	  Wachter	  F,	  Fukuda	  Y,	  Fenstermacher	  SJ,	  Barclay	  LA,	  Bird	  GH,	  Walensky	  LD,	  Segal	  RA:	  Paclitaxel	  Reduces	  Axonal	  Bclw	  
to	  Initiate	  IP3R1-­‐Dependent	  Axon	  Degeneration.	  Neuron	  2017,	  96:373-­‐386	  e376.	  38.	  Hillefors	  M,	  Gioio	  AE,	  Mameza	  MG,	  Kaplan	  BB:	  Axon	  viability	  and	  
mitochondrial	  function	  are	  dependent	  on	  local	  protein	  synthesis	  in	  
sympathetic	  neurons.	  Cell	  Mol	  Neurobiol	  2007,	  27:701-­‐716.	  39.	  Taylor	  AM,	  Berchtold	  NC,	  Perreau	  VM,	  Tu	  CH,	  Li	  Jeon	  N,	  Cotman	  CW:	  Axonal	  
mRNA	  in	  uninjured	  and	  regenerating	  cortical	  mammalian	  axons.	  J	  Neurosci	  2009,	  29:4697-­‐4707.	  40.	  Aschrafi	  A,	  Kar	  AN,	  Gale	  JR,	  Elkahloun	  AG,	  Vargas	  JN,	  Sales	  N,	  Wilson	  G,	  Tompkins	  M,	  Gioio	  AE,	  Kaplan	  BB:	  A	  heterogeneous	  population	  of	  nuclear-­‐
encoded	  mitochondrial	  mRNAs	  is	  present	  in	  the	  axons	  of	  primary	  
sympathetic	  neurons.	  Mitochondrion	  2016,	  30:18-­‐23.	  41.	  Natera-­‐Naranjo	  O,	  Kar	  AN,	  Aschrafi	  A,	  Gervasi	  NM,	  Macgibeny	  MA,	  Gioio	  AE,	  Kaplan	  BB:	  Local	  translation	  of	  ATP	  synthase	  subunit	  9	  mRNA	  alters	  ATP	  
levels	  and	  the	  production	  of	  ROS	  in	  the	  axon.	  Mol	  Cell	  Neurosci	  2012,	  49:263-­‐270.	  42.	  Aschrafi	  A,	  Schwechter	  AD,	  Mameza	  MG,	  Natera-­‐Naranjo	  O,	  Gioio	  AE,	  Kaplan	  BB:	  MicroRNA-­‐338	  regulates	  local	  cytochrome	  c	  oxidase	  IV	  mRNA	  levels	  and	  
oxidative	  phosphorylation	  in	  the	  axons	  of	  sympathetic	  neurons.	  J	  Neurosci	  2008,	  28:12581-­‐12590.	  43.	  Zhang	  KX,	  Tan	  L,	  Pellegrini	  M,	  Zipursky	  SL,	  McEwen	  JM:	  Rapid	  Changes	  in	  the	  
Translatome	  during	  the	  Conversion	  of	  Growth	  Cones	  to	  Synaptic	  Terminals.	  
Cell	  Rep	  2016,	  14:1258-­‐1271.	  44.	  Zhang	  P,	  Abdelmohsen	  K,	  Liu	  Y,	  Tominaga-­‐Yamanaka	  K,	  Yoon	  JH,	  Ioannis	  G,	  Martindale	  JL,	  Zhang	  Y,	  Becker	  KG,	  Yang	  IH,	  et	  al.:	  Novel	  RNA-­‐	  and	  FMRP-­‐binding	  
protein	  TRF2-­‐S	  regulates	  axonal	  mRNA	  transport	  and	  presynaptic	  plasticity.	  
Nat	  Commun	  2015,	  6:8888.	  45.	  Bird	  CW,	  Gardiner	  AS,	  Bolognani	  F,	  Tanner	  DC,	  Chen	  CY,	  Lin	  WJ,	  Yoo	  S,	  Twiss	  JL,	  Perrone-­‐Bizzozero	  N:	  KSRP	  modulation	  of	  GAP-­‐43	  mRNA	  stability	  restricts	  
axonal	  outgrowth	  in	  embryonic	  hippocampal	  neurons.	  PLoS	  One	  2013,	  
8:e79255.	  46.	  Gomes	  C,	  Lee	  SJ,	  Gardiner	  AS,	  Smith	  T,	  Sahoo	  PK,	  Patel	  P,	  Thames	  E,	  Rodriguez	  R,	  Taylor	  R,	  Yoo	  S,	  et	  al.:	  Axonal	  localization	  of	  neuritin/CPG15	  mRNA	  is	  
limited	  by	  competition	  for	  HuD	  binding.	  J	  Cell	  Sci	  2017,	  130:3650-­‐3662.	  47.	  Andreassi	  C,	  Luisier	  R,	  Crerar	  H,	  Franke	  S,	  Luscombe	  NM,	  Cuda	  G,	  Gaspari	  M,	  Riccio	  A:	  3'UTR	  remodelling	  of	  axonal	  transcripts	  in	  sympathetic	  neurons.	  
BioRvix	  2017,	  DOI:	  https://doi.org/10.1101.170100	  48.	  Hornberg	  H,	  Holt	  C:	  RNA-­‐binding	  proteins	  and	  translational	  regulation	  in	  
axons	  and	  growth	  cones.	  Front	  Neurosci	  2013,	  7:81.	  49.	  Keene	  JD:	  RNA	  regulons:	  coordination	  of	  post-­‐transcriptional	  events.	  Nat	  
Rev	  Genet	  2007,	  8:533-­‐543.	  50.	  Cosker	  KE,	  Fenstermacher	  SJ,	  Pazyra-­‐Murphy	  MF,	  Elliott	  HL,	  Segal	  RA:	  The	  
RNA-­‐binding	  protein	  SFPQ	  orchestrates	  an	  RNA	  regulon	  to	  promote	  axon	  
viability.	  Nat	  Neurosci	  2016,	  19:690-­‐696.	  51.	  Jung	  H,	  Yoon	  BC,	  Holt	  CE:	  Axonal	  mRNA	  localization	  and	  local	  protein	  
synthesis	  in	  nervous	  system	  assembly,	  maintenance	  and	  repair.	  Nat	  Rev	  
Neurosci,	  13,	  	  2012,	  308-­‐324.	  52.	  Jung	  H,	  Gkogkas	  CG,	  Sonenberg	  N,	  Holt	  CE:	  Remote	  Control	  of	  Gene	  Function	  
by	  Local	  Translation.	  Cell	  2014,	  157:26-­‐40.	  53.	  Sonenberg	  N,	  Hinnebusch	  AG:	  Regulation	  of	  translation	  initiation	  in	  
eukaryotes:	  mechanisms	  and	  biological	  targets.	  Cell	  2009,	  136:731-­‐745.	  54.	  Morales	  D,	  Kania	  A:	  Cooperation	  and	  crosstalk	  in	  axon	  guidance	  cue	  
integration:	  Additivity,	  synergy,	  and	  fine-­‐tuning	  in	  combinatorial	  signaling.	  
Dev	  Neurobiol	  2017,	  77:891-­‐904.	  55.	  Wang	  B,	  Bao	  L:	  Axonal	  microRNAs:	  localization,	  function	  and	  regulatory	  
mechanism	  during	  axon	  development.	  J	  Mol	  Cell	  Biol	  2017,	  9:82-­‐90.	  56.	  Aschrafi	  A,	  Kar	  AN,	  Natera-­‐Naranjo	  O,	  MacGibeny	  MA,	  Gioio	  AE,	  Kaplan	  BB:	  
MicroRNA-­‐338	  regulates	  the	  axonal	  expression	  of	  multiple	  nuclear-­‐encoded	  
mitochondrial	  mRNAs	  encoding	  subunits	  of	  the	  oxidative	  phosphorylation	  
machinery.	  Cell	  Mol	  Life	  Sci	  2012,	  69:4017-­‐4027.	  57.	  Kim	  HH,	  Kim	  P,	  Phay	  M,	  Yoo	  S:	  Identification	  of	  precursor	  microRNAs	  within	  
distal	  axons	  of	  sensory	  neuron.	  J	  Neurochem	  2015,	  134:193-­‐199.	  58.	  Sambandan	  S,	  Akbalik	  G,	  Kochen	  L,	  Rinne	  J,	  Kahlstatt	  J,	  Glock	  C,	  Tushev	  G,	  Alvarez-­‐Castelao	  B,	  Heckel	  A,	  Schuman	  EM:	  Activity-­‐dependent	  spatially	  
localized	  miRNA	  maturation	  in	  neuronal	  dendrites.	  Science	  2017,	  355:634-­‐637.	  
59.	  Yu	  J,	  Chen	  M,	  Huang	  H,	  Zhu	  J,	  Song	  H,	  Zhu	  J,	  Park	  J,	  Ji	  SJ:	  Dynamic	  m6A	  
modification	  regulates	  local	  translation	  of	  mRNA	  in	  axons.	  Nucleic	  Acids	  Res	  2017.	  60.	  Tcherkezian	  J,	  Brittis	  PA,	  Thomas	  F,	  Roux	  PP,	  Flanagan	  JG:	  Transmembrane	  
receptor	  DCC	  associates	  with	  protein	  synthesis	  machinery	  and	  regulates	  
translation.	  Cell	  2010,	  141:632-­‐644.	  61.	  Shi	  Z,	  Fujii	  K,	  Kovary	  KM,	  Genuth	  NR,	  Rost	  HL,	  Teruel	  MN,	  Barna	  M:	  
Heterogeneous	  Ribosomes	  Preferentially	  Translate	  Distinct	  Subpools	  of	  
mRNAs	  Genome-­‐wide.	  Mol	  Cell	  2017,	  67:71-­‐83	  e77.	  62.	  Kim	  S,	  Coulombe	  PA:	  Emerging	  role	  for	  the	  cytoskeleton	  as	  an	  organizer	  
and	  regulator	  of	  translation.	  Nat	  Rev	  Mol	  Cell	  Biol	  2010,	  11:75-­‐81.	  63.	  Piper	  M,	  Lee	  AC,	  van	  Horck	  FP,	  McNeilly	  H,	  Lu	  TB,	  Harris	  WA,	  Holt	  CE:	  
Differential	  requirement	  of	  F-­‐actin	  and	  microtubule	  cytoskeleton	  in	  cue-­‐
induced	  local	  protein	  synthesis	  in	  axonal	  growth	  cones.	  Neural	  Dev	  2015,	  10:3.	  64.	  Preitner	  N,	  Quan	  J,	  Nowakowski	  DW,	  Hancock	  ML,	  Shi	  J,	  Tcherkezian	  J,	  Young-­‐Pearse	  TL,	  Flanagan	  JG:	  APC	  is	  an	  RNA-­‐binding	  protein,	  and	  its	  interactome	  
provides	  a	  link	  to	  neural	  development	  and	  microtubule	  assembly.	  Cell	  2014,	  
158:368-­‐382.	  65.	  Vidaki	  M,	  Drees	  F,	  Saxena	  T,	  Lanslots	  E,	  Taliaferro	  MJ,	  Tatarakis	  A,	  Burge	  CB,	  Wang	  ET,	  Gertler	  FB:	  A	  Requirement	  for	  Mena,	  an	  Actin	  Regulator,	  in	  Local	  
mRNA	  Translation	  in	  Developing	  Neurons.	  Neuron	  2017,	  95:608-­‐622	  e605.	  66.	  McConnell	  RE,	  Edward	  van	  Veen	  J,	  Vidaki	  M,	  Kwiatkowski	  AV,	  Meyer	  AS,	  Gertler	  FB:	  A	  requirement	  for	  filopodia	  extension	  toward	  Slit	  during	  Robo-­‐mediated	  
axon	  repulsion.	  J	  Cell	  Biol	  2016,	  213:261-­‐274.	  67.	  Glock	  C,	  Heumuller	  M,	  Schuman	  EM:	  mRNA	  transport	  &	  local	  translation	  in	  
neurons.	  Curr	  Opin	  Neurobiol	  2017,	  45:169-­‐177.	  68.	  Alvarez-­‐Castelao	  B,	  Schanzenbacher	  CT,	  Hanus	  C,	  Glock	  C,	  Tom	  Dieck	  S,	  Dorrbaum	  AR,	  Bartnik	  I,	  Nassim-­‐Assir	  B,	  Ciirdaeva	  E,	  Mueller	  A,	  et	  al.:	  Cell-­‐type-­‐
specific	  metabolic	  labeling	  of	  nascent	  proteomes	  in	  vivo.	  Nat	  Biotechnol,	  35,	  2017,	  1196-­‐1201.	  
 
AAAAAA
AA
AA
AA
AAAA
AA
AAAAAA
Sema3A/Slit2 Netrin-1/BDNF/NGF
cytoskeleton
assembly
cytoskeleton
dissassembly
RhoA, 
Cofilin,...
β-actin, 
GAP-43,...
β-actin, 
WAVE-1,
Arp2/3,...
Branch emergence
and stabilization
AAAAAA
AAAAAA
AAAAAA
AAAAAA
AAAAAA
AAAAAA
(c) Synapse formation and function
SNAP25,
β-catenin,...
Synaptogenesis
and vesicle release
?
AAAAAA
AAAAAA
AAAAAA
AAAAAA
AAAAAA
SOMA
AXON
GROWTH CONE
SYNAPSE
Time
Time
(b) Branching (a) Steering/Growing
NGF/?...
LaminB2
Bcl-w ATP5G1
COXIV
- maintaining membrane potential
- regulation of ATP/ROS production
- inhibition of mitochondrial apoptosis
Ca2+ wave
IP3R
ER
CREB-1
Impa-1
STAT3
Neurotrophins (e.g:NGF)
AAAAAA
AAAAAA AAAAAA
Transcription
pro-survival 
factors
AXONSOMA
? Bcl-w,... AAAAAA
?
a)
b)
c)
AAAAAA
AAAAAA
TFR2-S
AAAAAA
AAAAAATFR2-S
FMRPFMRP
AAAAAA
AAAAAA
SFPQ
lmnb2
bcl-w
(b) RBP competition
(d) RNA regulon(c) mRNA competition/diversity
nrn1
GAP-43 HuD
axonal transport 
and localization
axonal 
localization
axonal 
localization
mRNA Localization
3’UTR-motif
3’UTR-motif
(a) Transcriptional changes
Growing axons Target-arrived axons
RNA-
pol
RNA-
pol
Cytoskeleton
Mitchondria
Ribosomal 
proteins
Pre-synaptic proteins
Cytoskeleton
Mitchondria
Ribosomal proteins
Survival factors
AAAAAA
AAAAAA
AAAAAA
AAAAAA
AAAAAA
AAAAAA
AAAAAA
AAAAAA
(Precise?) axonal 
localisation of
functionally-related 
mRNA’s
axonal localization
Nucleus Nucleus
HuD
GAP-43
AAAAAAA
KSRP
1. RBP sequestration
2. RBP competition for mRNA
mRNA
3’UTR-motif
mRNA
Alt. 3’UTR-motif
RBP
RNP assembly
transcription
RNA-
pol
transcription
Nucleus
transcription
axonal localization
axonal transport 
and localization
Axonal
mitochondria
Local translational control
(d) Receptor-ribosome 
coupling
Netrin-1
AAAAAA
DCC
(a) RBP phosphorylation
SRC
AAAAAA
AAAAAA
β-actin
GAP-43
ZBP1
P
‘specialized’ ribosome?
AAAAAA
BDNF
TrkB
Shh
Boc/Ptch1/Smo
GAP-43
Translation
SFK
mRNA release
AAAAAA GAP-43-m
6 A
-m
6 A
AAAAAAGAP-43
AAAAAA Axonal 
translation
AAAAAA fto
(c) Post-transcriptional 
mRNA modification
AAAAAA
GAP-43
FTO
FTO
Axonal 
translation
No translation
RBP phosporylation
(b) micro-RNA regulation
miR-182
AAAAAA
cofilin
Slit-2
ROBO
Cofilin
AAAAAA
CSPG
miR-29c
AAAAAA
miR-29c
integrin-β1
AAAAAA
1. Cue-induced miRNA-release 
and translation activation
2. miRNA elevation 
and translation inhibition
Translation
Translational 
repression
increased
miRNA levels
Demethylation
AAAAAA
AAAAAA
APC
AAAAAA
AAAAAA
HNRNPK/PCBP1
β2B-tubulin
dyrk1a
Mena actin tubulin
receptor
cue
(e) Functional self-regulation
APC
AAA
AAAMena
Mena
β2B-tubulin
AAAAAA
Mena-related
mRNA
AAA
AAA
AAAAAA
Translation
Translation
β-actin
